INTRODUCTION
Copolymerization is a very important tool in polymer science because it provides scientists the possibility to manipulate the physical and chemical properties of a polymer chain, e.g. solubility [1] , crystallinity [2] and glass transition temperature (Tg) [3] in order to create new materials of scientific interest as well as diverse applications, such as drug transfer systems [4] , photoresists for lithography [5] and smart materials [6] . Its utility is stressed by the large number of commercial applications and investigations that have been conducted to correlate the structure with the properties of the materials [3] , [7] .
Copolymerization has been studied extensively, both experimentally and theoretically [8] . The main body of work is focused on the elucidation of the copolymer composition, the determination of the monomer reactivity ratios, the monomer sequence distribution and the kinetics of the copolymerization [9] .
Free radical copolymerization is the most important copolymerization technique, since it is experimentally less demanding compared to other copolymerization methodologies and it can be applied to a wide range of monomers. The free radical copolymerization of 2-vinyl pyridine (2VP) with either 2-butoxyethyl methacrylate (BuOEMA), di(ethylene glycol) methyl ether methacrylate (DEGMA), or oligo(ethylene glycol) methyl ether methacrylate with number average molecular weight 300 g/mol (OEGMA 300 ) was the focus of previous studies. The monomer structures are given in Scheme 1. It was found that the reactivity ratios of 2VP, r 2VP were higher in all statistical copolymers (r 2VP =3.04 and r BuOEMA =0.48 for the P2VP-co-PBuOEMA copolymers [10] , r 2VP =1.57 and r DEGMA =0.92 for the P2VP-co-PDEGMA copolymers [10] , whereas r 2VP =1.08 and r OEGMA300 =0.23 for the P2VP-co-POEGMA300 copolymers [11] ) indicating a kinetic preference for the incorporation of the 2VP units in the copolymer structure. These findings prompted the present study of the kinetics of the thermal decomposition of these statistical copolymers by Thermogravimetric Analysis (TGA) and Differential Thermogravimetry (DTG). These results were correlated with those obtained from the corresponding homopolymers P2VP, PBuOEMA, PDEGMA and POEGMA 300 to study the effect of the copolymer structure and composition on the thermal properties of the copolymers.
Scheme1. Structure of the Monomers

EXPERIMENTAL SECTION
Materials
The synthesis of the statistical copolymers has been described in detail elsewhere [10] , [11] . Briefly, all manipulations were performed using high vacuum techniques. The monomers were vacuum distilled from calcium hydride just prior to use in order to remove inhibitors and humidity. The copolymerization reactions were performed in glass reactors in bulk. 2,2' Azobisisobutyronitrile (AIBN) in the concentration of 0.1% wt was the initiator. The mixture of the two monomers and the initiator was degassed using three freeze-thaw cycles, and the reactors were flame-sealed. The copolymerizations were conducted at 50-60°C for 2-3 hours. The polymers were precipitated in nheptane, redissolved in chloroform and reprecipitated once more. The same procedure was repeated as many times as necessary in order to remove all remaining quantities of the unreacted monomers. Finally, the polymers were dried overnight in a vacuum oven.
Thermogravimetric Analysis
The thermal stability of the homopolymers and the copolymers was studied by thermogravimetric analysis (TGA) and Differential Thermogravimetry (DTG) with a Q50 TGA model from TA instruments. The samples were placed in platinum crucibles and an empty platinum crucible was used as reference. The samples were heated from ambient temperatures up to 600 o C in a 60 mL/min flow of N 2 at heating rates of 3, 5, 7, 10, 15 and 20 o C/min.
RESULTS AND DISCUSSION
Free Radical Homopolymerization and Copolymerization Reactions
The free radical copolymerizations of VP, BuOEMA, DEGMA and OEGMA 300 were conducted in bulk using AIBN as the initiator. The conversions in all cases were lower than 10% in order to satisfy the differential copolymerization equation. The molecular characteristics of both the homopolymers and the copolymers are shown in Table 1 . The molecular weights were measured by Size Exclusion Chromatography, SEC using a calibration curve constructed by polystyrene standards. The compositions of the copolymers in the various monomers were measured by NMR or UV analysis at 252 nm, where only the 2VP monomer units absorb. The copolymers are symbolized by the various feed molar ratios of the monomers prior the copolymerization, e.g. 2VP-BuOEMA 20-80 is used for the copolymer P2VP-co-PBuOEMA, synthesized from a molar feed composition 20% 2VP and 80% BuOEMA. 
Thermal Decomposition of the Homopolymers and the Statistical Copolymers
The homopolymers and the statistical copolymers were thermally degraded at different heating rates under inert atmosphere. The temperatures where the thermal decomposition is initiated and completed along with the temperatures at the maximum rate of thermal decomposition are provided in Tables 2  (homopolymers) 
Figure7. Derivative Weight Loss with Temperature for P2VP-PDEGMA 40-60 under Different Heating Rates
DTG revealed that single decomposition peaks appear for P2VP at different heating rates. For PBuOEMA, however, DTG indicated the presence of a single decomposition peak at lower heating rates, while at higher heating rates a more complex pattern consisting of two peaks appeared. A similar decomposition behavior was also observed for PDEGMA and POEGMA 300 homopolymers, obviously due to the similar chemical structure of these polymers, since all three are polymethacrylates bearing ethylene glycol side groups. These results indicate that for the specific polymethacrylates the decomposition pattern is complex and involves the simultaneous decomposition of the polymer backbone and the side chains. The thermal decomposition of P2VP is initiated and completed at higher temperatures compared to the three polymethacrylates. In addition, the decomposition peaks in DTG graphs occur at higher temperatures for P2VP as well. These data unambiguously indicate that P2VP is thermally more stable than the corresponding polymethacrylates, obviously due to the presence of the aromatic pyridine ring. The range of decomposition temperatures is narrower for P2VP than that of PBuOEMA, PDEGMA and POEGMA 300 supporting the conclusion that a simpler thermal decomposition mechanism exists for P2VP. Comparing the temperatures of decomposition at the maximum rate of decomposition, Tp, the following order is noted: Tp P2VP >Tp OEGMA300 >Tp PDEGMA > Tp PBuOEMA and seems to be the order of thermal stability of the homopolymers. Among the polymethacrylates it is evident that upon increasing the size of the side groups (number of ethylene oxide units) the thermal stability increases. The higher thermal stability of PDEGMA compared to PBuOEMA leads to the conclusion that the introduction of a higher number of oxygen atoms at the side chain leads to increased thermal stability. These conclusions can be further supported considering the thermal stability of poly(ethylene oxide). In the case of the statistical copolymers P2VP-co-PBuOEMA DTG revealed that only a single decomposition peak is observed, similar to the behavior of the P2VP homopolymer. Thus, the thermal decomposition behavior of P2VP prevails in the copolymer. This observation can be attributed to the much higher reactivity ratio of 2VP over that of BuOEMA, which leads to copolymers with much higher contents in 2VP units. Upon increasing the 2VP content, the temperatures where thermal decomposition is initiated and completed, as well as that of the decomposition peak in DTG all increase. These temperatures are within those found for the respective homopolymers but are closer to those of the P2VP homopolymer, further demonstrating the effect of 2VP monomer units on the overall behavior of the copolymer. Similar behavior was observed for the P2VP-co-PDEGMA and P2VP-co-POEGMA300 copolymers.
The thermal degradation behavior of the copolymers is dominated by the 2VP content. In addition to the previous comments it should be noted that the range of the temperatures of decomposition is much narrower for the copolymers compared to the respective polymethacrylates. Comparing the temperatures of decomposition at the maximum rate of decomposition, Tp, it can be concluded that they follow the order: Tp P2VP-co-PBuOEMA >Tp P2VP-co-OEGMA300 >Tp P2VP-co-DEGMA . This should also be the order of thermal stability of the copolymers. It is rather surprising that the copolymers with the
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BuOEMA are thermally more stable since the corresponding homopolymer presents the lowest thermal stability of all the homopolymers. This discrepancy can be explained by the fact that the P2VP-co-PBuOEMA copolymers have higher 2VP contents compared to the other copolymers.
Kinetics of the Thermal Decomposition of the Homopolymers and the Statistical Copolymers
The kinetics of the thermal decomposition of the statistical copolymers was studied by TGA measurements. The activation energy, Ea, of mass loss upon heating was calculated using both the isoconversional Ozawa-Flynn-Wall (OFW) [12] and Kissinger [13] methods. The OFW approach is a "model free" method which assumes that the conversion function F (α), where α is the conversion, does not change upon altering of the heating rate, β, for all values of α. The OFW method involves the measurement of the temperatures corresponding to fixed values of α from experiments at different heating rates β. Therefore, plotting lnβ vs 1/T in the form:
This should result in straight lines with slopes directly proportional to the activation energy where T is the absolution temperature. A is the pre-exponential factor (min -1 ) and R is the gas constant (8,314 J/K.mol). If the determined activation energy is the same for the various values of α, then a single-step degradation reaction can be concluded. The OFW method is the most useful method for the kinetic interpretation of thermogravimetric data, obtained from complex processes like the thermal degradation of polymers. This method can be applied without knowing the reaction order. The activation energy Ea was also calculated from plots of the logarithm of the heating rate vs. the inverse of temperature at the maximum reaction rate in constant heating experiments, according to the Kissinger method. The equation for the Kissinger method is the following: where and are the absolute temperature and the conversion at the maximum weight loss and n is the reaction order. The Ea values can be calculated from the slope of the plots of ln(β/Τ p 2 ) vs. 1/T p .
The activation energy values, Ea, of the homopolymers resulting from the OFW method are displayed in Table 4 , whereas characteristic plots are given in Figures 8-11 . It is obvious that the Ea values depend on the degree of thermal decomposition, especially for sample POEGMA300. This is a manifestation of the rather complex mechanism of thermal degradation of these polymers. The Ea values of samples vary with the following order: Ea P2VP >Ea OEGMA300 >Ea PDEGMA > Ea PBuOEMA , in agreement with the thermal stability of the homopolymers, as previously discussed. Similar conclusions were drawn by the Kissinger method. Characteristic plots are given in Figures 12-15 , and the Ea values are displayed in Table 5 . The activation energies Ea of the various copolymers at different weight loses are shown in Tables 6-8 and characteristic OFW plots are provided in Figures 16-18 . These values generally increase upon increasing the degree of decomposition. However, this change is not so pronounced as in the case of the polymethacrylate homopolymers, since the presence of the 2VP monomer units dominates and affects the thermal decomposition behavior of the copolymers. The obtained values are located between those measured for the respective homopolymers, but are always closer to the Ea values of P2VP, due to the higher 2VP content in all copolymers. Comparison of the Ea values of the various copolymers leads to the general conclusion that they follow the order: Ea P2VP-co-PBuOEMA >Ea P2VP-co-OEGMA300 >Ea P2VP-co-DEGMA . The same order was found for the temperatures of decomposition at the maximum rate of decomposition of the copolymers, confirming their thermal stability. The Ea values were also calculated by the Kissinger method and results are given in Table 5 
Table4. Activation Energies for the Homopolymers from the OFW Method
